SYNOPSIS Urinary catecholamines, 4-hydroxy-3-methoxymandelic acid (V.M.A.), and metadrenalines have been estimated in 39 cases of proven phaeochromocytoma and in many hypertensive patients without phaeochromocytoma. The variation in excretion of these substances is described and their diagnostic significance discussed. Excretion of free catecholamines and metadrenalines showed a proportionately greater increase than of V.M.A. in patients with a phaeochromocytoma, and estimation of the first two appears to be diagnostically more reliable. Hingerty's method for catecholamines appears to be a satisfactory screening test, provided that 90 pg. is taken as the upper limit of normal, and estimation of metadrenalines is considered to be the best confirmatory test for phaeochromocytoma.
Cases of phaeochromocytoma can be divided into two broad groups from the diagnostic point of view. There are those patients with various symptoms which suggest the diagnosis and those who have no symptoms other than those of hypertension. The latter are clinically indistinguishable from cases of essential hypertension. It is now generally accepted that demonstration of increased secretion of catecholamines is the most reliable method of diagnosis, and this can be done by estimating either catecholamines or their metabolites, 4-hydroxy-3-methoxymandelic acid (V.M.A.) and the 3-0-methyl derivatives of adrenaline and noradrenaline (metadrenalines) in urine. There is, however, no general agreement as to whether estimation of catecholamines or their metabolites gives the best indication of increased catecholamine secretion, and the results are not always easy to interpret. METHODS 4-Hydroxy-3-methoxymandelic acid was estimated by two-dimensional paper chromatography (Robinson, Ratcliffe, and Smith, 1959) . The spots were compared visually with standards of V.M.A. differing by 0-5 pg.
and ranging from 0-5 to 3 ztg. When values greater than 3 Hg. were obtained, chromatography was usually repeated with a smaller volume of extract so that the amount of V.M.A. fell within the range of standards.
In the most recent cases, V.M.A. was also estimated by the spectrophotometric method of Pisano, Crout, and Abraham (1962) .
Received for publication 10 January 1964. Total metadrenalines were estimated by the method of Pisano (1960) . The relative amounts of normetadrenaline and metadrenaline were determined by chromatography (Robinson and Smith, 1962) .
Free catecholamines were determined by the method of Hingerty (1957) , with the inclusion of add.tional standards.
RESULTS
The values taken as normal for the methods used are: V.M.A. less than 5 mg./24 hours by chromatography, and less than 7 mg./24 hours by Pisano Table I . In general, higher results were obtained with Pisano's method, which also gives higher normal values. Allowing for this, there is good general agreement between the two sets of results, and therefore detailed consideration will be given only to those obtained by chromatography, which are available in every case. In some cases many more urines were examined, and the results of all the analyses performed are summarized in Table III . The excretion of total metadrenalines (Pisano) and catecholamines fell below twice the upper limit of normal in some of the later urines, but was never found to be normal, and the frequency of values less than twice normal was lower than for V.M.A. The relatively smaller increase in V.M.A. excretion compared with total metadrenalines is well illustrated by Fig. 1 (Kelleher and Walters, 1961 250 ,ug./24 hours, V.M.A. 10-6 mg., and total metadrenalines 8'8 mg.; paper chromatography indicated a great increase in noradrenaline secretion but no increase in adrenaline. There were no further attacks. Death occurred six days later, and necropsy revealed myocardial infarction, extensive infiltration of the mediastinum and myocardium by bronchial carcinoma, but no phaeochromocytoma was found; the left adrenal contained a small metastasis.
Example 2 A man aged 30 years underwent partial gastrectomy for duodenal ulcer; the operation was uneventful. A few hours postoperatively the pulse rate rose to 160/min. (sinus rhythm) and the blood pressure to 250/140 mm.Hg. A laparotomy revealed only a small amount of blood which was considered inadequate to explain his condition. A phaeochromocytoma was suspected, but intravenous phentolamine had no effect. Procaine amide and digoxin were given, and the attack subsided about 36 hours later. Urine collected during this period showed the 24-hour excretion of catecholamines to be 360 fig., V.M.A. 9-6 mg., and total metadrenalines 1-3 mg.; chromatography showed a slight increase of normetadrenaline. The patient has remained well and normotensive since, with repeatedly normal excretion of catecholamines and metabolites. Although a phaeochromocytoma cannot be excluded, it appears unlikely.
DISCUSSION
Although the excretion of catecholamines in the first urine examined from phaeochromocytoma patients was at least 180 ,g./24 hours, the fact that some of the later urines gave values less than this while the excretion of metabolites remained high, indicates that there is a risk of false negative results with this method. For this reason, the lower screening limit of 90 ,tg., which is nearer the normal values found with quantitative methods, should be used. In none of the present series was a value of less than 90 ,ug. obtained in the presence of other evidence that the tumour was secreting. Litchfield and Peart (1956) described one case in which catecholamines, determined by bio-assay, were not raised even after a paroxysm, but it is not known whether excretion of metabolites was raised in this case.
Excretion of total metadrenalines was raised in every urine examined, though again, in some of them the values were only slightly above normal (Table IV) . We are aware of only one case reported with normal excretion of total metadrenalines associated with raised excretion of catecholamines (Crout, Pisano, and Sjoerdsma, 1961) . Chromatographic separation of normetadrenaline and metadrenaline in our cases always showed a large rise in one or other. The apparent discrepancy between the values for total metadrenalines and those for the individual metadrenalines obtained by paper chromatography may be due to variation in the proportion of the adrenaline derivative, and to the spectrophotometric method being less specific; Crout et al. (1961) consider that values below 2 mg./24 hr. with the latter are not quantitatively reliable.
4-Hydroxy-3-methoxymandelic acid was increased in all except one case, but the increase was generally less than that of the metadrenalines. This is a low incidence of negative results, but Crout et al. found a normal V.M.A. level in three out of 23 cases of phaeochromocytoma in which there was evidence that secretion of catecholamines was increased.
A normal result may obviously be obtained with all of these methods if the tumour is in a nonsecreting phase. There is also the slight possibility of obtaining a normal result with one method when the others indicate increased secretion. The chances of this happening in patients without paroxysmal symptoms can be reduced by examining more than one urine as a routine, as this will make some allowance for the day-to-day variation in excretion illustrated in Table IV. A much greater diagnostic difficulty arises from the fact that excretion of catecholamines and their metabolites may be increased in the absence of a phaeochromocytoma. The values for catecholamines, V.M.A., and total metadrenalines found in such cases overlap the lower levels found in phaeochromocytoma. The reasons for this are not clearly defined, but it is known that various forms of physical and emotional stress can give rise to a six-fold increase in catecholamine secretion (Elmadjian, 1959) . In our experience it may be very difficult to interpret increases up to 360 ,ug. (four times normal) for catecholamines determined by Hingerty's method, and up to twice normal for V.M.A. and total metadrenalines. Values greater than these are highly suggestive of a catecholamine-secreting tumour, though they are not necessarily diagnostic, as illustrated by example 1 above; moreover two patients of Bollman, Flock, Roth, and Kvale (1960) were finally considered not to have a phaeochromocytoma even though their V.M.A. excretion was 12 and 15 mg. per 24 hours respectively.
The method most likely to give results diagnostic of phaeochromocytoma is clearly the one which consistently gives the greatest increase. Crout et al. (1961) found in 23 phaeochromocytomas that catecholamine excretion, as determined by spectrofluorimetry, usually showed the greatest proportional increase, and they considered this the most reliable diagnostic method. However, because of the technical complexity of the methods for quantitative estimation of catecholamines they preferred estimation of metabolites for routine use. They recommend estimation of total metadrenalines which they found gave results diagnostically more reliable than those of V.M.A.; excretion of the latter showed the smallest increase in most cases. The data in Fig. 1 confirm their finding that excretion of metadrenalines usually shows a proportionately greater increase than that of V.M.A., but we emphasize that this relationship is variable.
When results obtained with one method fall within the 'false positive' range, further information can be obtained by proceeding to further tests and also by analysing more urines (Table IV) . So far, chromatographic analysis of metadrenalines has always shown a striking increase of one component in phaeochromocytoma, and, with the exception of example 1 above, a much less striking increase in other cases. As this method has not yet been widely used it is too early to say whether it will always be diagnostically superior to other methods, but at present it appears to be the most reliable test. It is unfortunate that it is not suitable for routine use, as it is also valuable for studying the excretion of amines other than metadrenaline and normetadrenaline (Robinson and Smith, 1962) .
In all cases of phaeochromocytoma it is desirable to know whether the tumour secretes much adrenaline, because of the possibility of cardiac dysrhythmias during operation. Furthermore, Hunter, Marshall, and Oram (1963) assayed urinary adrenaline and noradrenaline separately in 14 cases, and believe that tumours which secrete only noradrenaline are likely to be para-aortic, while those which secrete adrenaline are likely to be adrenal. Where facilities are not available for the separate estimation of adrenaline and noradrenaline, the same information can be obtained by chromatographic analysis of the metadrenalines, but in our experience the results of such analysis are of limited value in indicating the probable site of the tumour (Table II) . Contrary to the findings of Hunter et al. (1963) , in 17 out of 22 cases with increased excretion of normetadrenaline only, the tumour was in the adrenal medulla. In the six cases with increased metadrenaline our findings agreed with those of Hunter et al., and all had a tumour in the adrenal medulla. In one of them, however, there was a second tumour which was extra-adrenal.
For routine screening of hypertensive patients it is necessary to have a method which can be used for large numbers of urines, and which will not give false negative results. We have found the screening test for increased urinary catecholamines (Hingerty) to be very useful for this purpose. We consider, however, that in order to eliminate false negative results, a level of approximately 90 ,tg./24 hr.
should be regarded as the screening limit. Values greater than this should be investigated further by other methods. Some drugs interfere with chemical estimation of catecholamines (Bollman et al., 1960) , and alpha-methyldopa gives high results for at least five days after stopping the drug. In cases where drugs cannot be withheld, or where other fluorescent substances interfere, estimation of metabolites is necessary. The numbers of the latter can be kept small by using the Hingerty method routinely as the screening test.
Where large numbers of urines are not examined, Pisano's method for total metadrenalines appears to be the method of choice for routine use. It appears to give more helpful results than estimation of V.M.A., and its estimation is easier. Confirmation by other methods, is of course, still required when values are not much increased.
